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5. 2 + sin (— 9) — 2 — sin 9 ^ r and 2 + sin (7 r — 9) 

= 2 + sin 9 7^ — r =>• not symmetric about the x-axis; 

2 + sin (7T — 9) = 2 + sin 9 = r +• symmetric about the 
y-axis; therefore not symmetric about the origin 



y 




6. 1+2 sin (—9) — 1 — 2 sin 9 ^ r and 1 + 2 sin (7r — 9) 

= 1 + 2 sin 9 7^ — r not symmetric about the x-axis; 

1 + 2 sin (7r — 9) = 1 + 2 sin 0 = r => symmetric about the 
y-axis; therefore not symmetric about the origin 



7. sin (— |) = — sin (|) = — r =>■ symmetric about the y-axis; 
sin ( 27 + # ) = sin (|) , so the graph is symmetric about the 
x-axis, and hence the origin. 



8. cos (— = cos = r =>■ symmetric about the x-axis; 

cos = cos (®) , so the graph is symmetric about the 

y-axis, and hence the origin. 




9. cos (—9) — cos 9 = r 2 => (r, —9) and (— r, — 9 ) are on the 
graph when (r, 9) is on the graph => symmetric about the 
x-axis and the y-axis; therefore symmetric about the origin 



y 




Copyright © 2010 Pearson Education, Inc. Publishing as Addison-Wesley. 




Section 1 1.4 Graphing in Polar Coordinates 



669 



10. sin (n — 9) = sin 9 = r 2 => (r, tt — 6) and (— r, n — 9) are on 
the graph when (r, 9) is on the graph => symmetric about 
the y-axis and the x-axis; therefore symmetric about the 
origin 




11. — sin (7T — 9) = — sin 9 = r 2 => (r, tt — 9) and (— r, 7r — 9) 
are on the graph when (r, 9) is on the graph =>- symmetric 
about the y-axis and the x-axis; therefore symmetric about 
the origin 



y 




12. — cos (— 9) = — cos 9 — r 2 => (r. — 9) and (— r, — 9) are on 
the graph when (r, 9) is on the graph => symmetric about 
the x-axis and the y-axis; therefore symmetric about the 
origin 



13. Since ( ± r, —9) are on the graph when (r, 9) is on the graph 
(( ± r) 2 = 4 cos 2(— 9) => r 2 = 4 cos 29 ) , the graph is 
symmetric about the x-axis and the y-axis => the graph is 
symmetric about the origin 




14. Since (r, 9) on the graph => (— r, 9) is on the graph 
(( ± r) 2 = 4 sin 29 => r 2 = 4 sin 29) , the graph is 
symmetric about the origin. But 4 sin 2(—9) = —4 sin 29 
7 ^ r 2 and 4 sin 2(7r — 9) = 4 sin (27r — 29) = 4 sin (—29) 
= —4 sin 29 r 2 =>■ the graph is not symmetric about 
the x-axis; therefore the graph is not symmetric about 
the y-axis 




15. Since (r, 9) on the graph => (— r, 9) is on the graph 
(( ± r) 2 = — sin 29 => r 2 = — sin 29) , the graph is 
symmetric about the origin. But — sin 2 (—9) = — (— sin 29) 
sin 29 ^ r 2 and — sin 2(7r — 9) = — sin (27r — 29) 

= — sin (—29) = — (— sin 29) = sin 29 ^ r 2 => the graph 
is not symmetric about the x-axis; therefore the graph is 
not symmetric about the y-axis 
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16. Since( ± r, — 0) are on the graph when (r, 9) is on the 
graph (( ± r) 2 = — cos 2(— 9) => r 2 = — cos 20) , the 
graph is symmetric about the x-axis and the y-axis => the 
graph is symmetric about the origin. 




17. 9= | =>■ r = -1 => (-1, |) , and 9 = - f =>• r = -1 
=* (- - !) ; ^ = I = - sin 0; Slope = izfczl 
- => Slope at (-1,1) is 



- sin 2 (| )+(— 1) cos | 
— sin | cos | — (— 1) sin | 



— 1; Slope at (—1, — |) is 



-sin 2 (— f )+(—!) cos (— f ) 
-sin(-f) cos (— f ) — (— 1) sin (— |) 



= 1 




18. 9 = 0 => r = -1 => (-1,0), and 9 = tt ^ r = -1 
=> (— 1, tt); C = § = cos 0; 

oi i 7 sin 0+r cos 6 cos 6 sin d+r cos 6 

P x! cos 6— r sin 6 cos 6 cos 6— r sin 6 



cos 6 sin fl+r cos 0 

cos 2 0 — r sin 6 



=>■ Slope at (—1, 0) is 



cos 0 sin 0+(— 1 ) cos 0 
cos 2 0— (— 1) sin 0 



= -1; Slope at (-1,70 is c °— = 1 




19. 0=| => r = 1 => (1, |) ; 0 = - l => r = -1 

=> (— 1, — |) ; 0 = x =► r = — 1 => (-1,^); 

8 = -% => r= 1 => (1,-^); 

0 = ^=2 cos 20; 

oi nnp r' sin d+r cos 6 2 cos 26 sin fl+r cos 6 

P r' cos 6— r sin 6 2 cos 26 cos 6— r sin 6 



Slope at (— 1, 



7 r \ • 2cos(-f) sin (-f)-K-l)cos(-g) _ , 
4) 2cos (- |) cos (- |)-(-l)sin (- j) ’ 



Slope at (-1, x) 



. 2cos (^) sin (^)+(-l)cos (^) 
1S 2cos(f) cos(^)-(-l)sin(^) 



= 1 ; 



Slope at ( 1 , 



2 cos | 


f 3tt ^ 

l 2 , 


1 sin ( 


37t\ 

4 ) 


+(1) cos ( 


f 3tt \ 

, 4 ) 


2 cos ( 


r t) 


COS I 


( 37T 

^ 4, 


) —(1) sin 1 


(-t) 
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= 0 => r=l => ( 1 , 0 ); 0 = j => r = — 1 => (-1, |) 
' = -*=► r = — 1 => (-1, - |) ; 6 = 7T => r = 1 
=> (1, 7r); r' = ^ = — 2 sin 20; 



oi r ' sin 0+r cos 0 —2 sin 20 sin 0+ r cos 0 

P i 7 cos 0— r sin 0 —2 sin 20 cos 0— r sin 0 

=> Slope at (1 . 0) is ~ 2 sm « Sln » +cos 9 , which is undefined; 

r v 5 / —2 sin 0 cos 0— sin 0 ’ ’ 

Slr,np at (-1 Z[) jo ~ 2 sin 2 (f ) sin (f )+(-!) cos (f) _ 

Slope at ( t, 2 ) 1S -2 sin 2 m cos Osin m “ U ’ 



-2 sin 2 (j) cos (f)— (— 1) sin ( j) 



Slope at (— 1, — f ) is ^ 



■2 sin 2 (— |) sin(— |)+(-l)cos (- f ) _ 
2 sin 2 (- |) cos(-|)-(-l)sin(-|) 



Slope at (1, 7r) is 



-asin^sinvr+cosTT which j unc jefined 

-2 sin 27T cos 7T— sin 7r ’ 




21. (a) 




(b) 




22. (a) 




23. (a) 




24. (a) 
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25. 




29. Note that (r, 0) and (— r, 9 + it) describe the same point in the plane. Then r = 1 — cos 0 0—1— cos (0 + if) 
— — 1 — (cos 0 cos 7r — sin 0 sin if) = — 1 + cos 0 = — (1 — cos 0) = — r; therefore (r, 0) is on the graph of 
r = 1 — cos 0 O (— r, 0 + 7r) is on the graph of r = — 1 — cos 0 => the answer is (a). 



y y 




r = 1 - cos 6 r = -1 - cos 9 r = l+cos 0 
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30. Note that (r, 9) and (— r, 9 + n) describe the same point in the plane. Then r = cos 29 ^ — sin (2(9 + n)) + |) 
= — sin (29 + =y) = — sin (29) cos (^) — cos (29) sin ) = — cos 29 — — r; therefore (r, 9) is on the graph of 
r = — sin (29 + |) =>• the answer is (a). 





r = cos 26 



r = - sin (2e +p 




r = - cos 



r m 1 - 2 sin 30 




r = 1 + 2 sin-j 




33. (a) 



4 r = cos 



HSB 

men 
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(d) 





11.5 AREA AND LENGTHS IN POLAR COORDINATES 

1- A=/ 0 > 2 <K9=[Ifl 3 ]; = ^ 

2- A = £^(2 sin 0) 2 d9 = if^sin 2 9 d0 = 2 d0 = f^( 1 - cos20)d0 = [0 - isin20]$ 

= (f -o) - (a ~l) = I + 1 



X 27T f * 27T p 2,7 r 

i(4 + 2cos0) 2 d0 = J o | ( 16 + 16 cos 0 + 4 cos 2 6) d9 = J Q [8 + 8 cos 6 + 2 ( 1+c ° s2g )] d<9 
= J' n (9 + 8 cos 0 + cos 29) d 9 — [99 + 8 sin 9 + \ sin 20] ^ = 1 87T 

p 2 tt p 2ir p 2 tt 

4. A = J | [a(l + cos 0)] 2 d0 = J Q \ a 2 (1 + 2 cos 9 + cos 2 0) d0 = | a 2 J Q (l + 2 cos 0 + 1 + c ° s ~ 9 ) d 0 
= 5 a 2 f Q (|+2 cos 0+1 cos 20) d0 = | a 2 [| 0 + 2 sin 0 + \ sin 20] = 1 7ra 2 

5. A = 2 / 0 ‘ /4 i cos 2 20 d0 = — d0 = | [0 + ^] £ = f 

«• A = I < cos 39 ) 2|W = sf-S, cos 2 3fldfJ = +P a J9 = ;/7 / 4 6 (l+cos69)d9 

= l[«+i s i„6»]^ 6 =l(! + 0)-lH+0) = i 
7. A = J'g \ (4 sin 20) d @ = f 0 2 sin 20 d0 = [— cos 20] g^ 2 = 2 

8. A = (6)(2) (2 sin 30) d0 = 12 sin 30 d0 = 12 [- ^] ]] /6 = 4 

9. r = 2 cos 0 and r = 2 sin 0 => 2 cos 0 = 2 sin 0 
=> cos 0 = sin 0 =+ 0 = | ; therefore 

A = 2 (2 sin 0) 2 d0 = 4 sin 2 0 d0 

= £' 4 4 ( 1 ~ c 2 os2g ) d0 = £' 4 (2-2 cos 20) d0 

= [20 - sin 20] g /4 = | - 1 



y 
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10. r = 1 and r = 2 sin 0 =+ 2 sin 0=1 =>■ sin 0 = | 

=*► 0 = § or f ; therefore 

r*5n/6 

A = 7T(1) 2 - J i [(2 sin 0) 2 - l 2 ] d0 

X 5tt/6 

/6 (2 sin 2 0 - i) d0 

= 7r - l /6 (1 - cos 20- 2 ) d0 
= - i; G - cos 20) d0 = 7T - [i 0 - l n / 6 6 

= ^ - (if - I sin f) + (n - 5 sin f ) = 

11. r = 2 and r = 2(1 — cos 0) =+ 2 = 2( 1 — cos 0) 

=> cos 0 = 0 +> 0 = ±|; therefore 

A = 2 X 2 [^(l — cos 0)] 2 d0 + ^area of the circle 

— £ 4(1-2 cos 0 + cos 2 0) d0 + ( 1 7r) (2) 2 

= £ 4 (1 - 2 cos 0 + 1+c ° s2fl ) d0 + 2tt 

= £ (4 — 8 cos 0 + 2 + 2 cos 20) d0 + 2n 

— [60 — 8 sin 0 + sin 20] £ + 27r = 57r — 8 




12. r = 2(1 — cos 0) and r = 2(1 + cos 0) =+ 1 — cos 0 

= 1 + cos 0 => cos 0 = 0 => 0=| or ; the graph also 
gives the point of intersection (0, 0); therefore 

A = 2 \ [2(1 - cos 0)] 2 d0 + 2 f \ [2(1 + cos 0)] 2 d0 

= £ 4(1 — 2cos 0 + cos 2 0)d0 

+ J* 4(1+2 cos 0 + cos 2 0)d0 




1 + cos 26 \ 

2 J 



8 cos 0 + 2 cos 20) d0 



8 cos 0 + 2 cos 20) d0 



= [60 — 8 sin 0 + sin 20] £ + [60 + 8 sin 0 + sin 20] / 2 = 67r — 16 



13. r = a/3 an d r 2 = 6 cos 20 =+ 3 = 6 cos 20 => cos 20 = ,] 
=>■ 0 = | (in the 1st quadrant); we use symmetry of the 
graph to find the area, so 

A = 4 f£ ± (6 cos 20) - i (a/ 3) " d0 

= 2 f £ 6 ( 6 cos 20 - 3) d0 = 2 [3 sin 20 - 30] / 6 
= 3y/3 -7T 
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14. r = 3a cos 0 and r = a(l + cos 9) =>- 3a cos 9 = a(l + cos 9) 
=>■ 3 cos 0=1+ cos 9 => cos 0 = | =+ 0=1 or — | ; 

the graph also gives the point of intersection (0, 0); therefore 

A = 2 J g | [(3a cos 0) 2 — a 2 (l + cos 0) 2 ] d0 
= J g (9a 2 cos 2 0 — a 2 — 2a 2 cos 0 — a 2 cos 2 0) d0 
= J o (8a 2 cos 2 0 — 2a 2 cos 0 — a 2 ) d0 
= [4a 2 (l + cos 20) — 2a 2 cos 0 — a 2 ] d0 

= J g (3a 2 + 4a 2 cos 20 — 2a 2 cos 0) d0 
= [3a 2 0 + 2a 2 sin 20 — 2a 2 sin 0] = 7ra 2 + 2a 2 (|) — 2a 2 





15. r = 1 and r = — 2 cos 0 =>■ 1 = — 2 cos 0 => cos 0 = — i 
=> 9 — y in quadrant II; therefore 
A = 2 J M3 | [(-2 cos 0) 2 - l 2 ] d0 = 4 cos 2 0 - 1) d0 

= P [2(1 + cos 20) — 1 ] d0 = f' (1+2 cos 20) d0 

•J 27 t /3 J 27 t /3 

= [0 + sin 20] 27 T -/3 = f + 




16. r = 6 and r = 3 esc 0 => 6 sin 0 = 3 => sin 0 = | 

r*5iv/6 

=> 0 = | or f ; therefore A = J i (6 2 - 9 esc 2 0) d0 

= C /6 ( 18 1 csc2 e ) = t 18 9 + 1 cot 0] 5 ;/ 6 6 

= (i5tt - | v^) - (3 tt + | v^) = 12 tt - 9y/3 




17. r = sec 0 and r = 4 cos 0 =>• 4 cos 0 = sec 0 +• cos 2 0 = j 
=> 0 = | , y, y,ory; therefore 

A=2§J | ( 16 cos 2 0 - sec 2 0) d0 

= f (8 + 8 cos 20 — sec 2 0) d0 

= [80 + 4 sin 20 — tan 0 ]q^ 3 

= (f + 2 a/ 3 -V / 3)-(0 + 0-0) = f + V / 3 
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18. r = 3 esc 0 and r = 4 sin 9 => 4 sin 8 — 3 esc 9 +> sin 2 0 
=> 9 — y, y,ory; therefore 

C 7t/2 

A = 47 t — 2 J | (16 sin 2 0 — 9csc 2 0) d0 

= 4tt - fJ /3 ~( 8 - 8 cos 20 - 9 esc 2 0) d0 
= 4 tt - [80 - 4 sin 20 + 9 cot 0]^ 

= 4tt - [(4t r - 0 + 0) - (f - 2 a/3 + 3^) 

= f + 

19. (a) r = tan 0 and r = esc 0 +> tan 0 = esc 0 

=> sin 2 0 = ^-y^ c °s 0 => 1 — cos 2 0 = cos ^ 

=> cos 2 0 + ^-y^cos 0 — 1 = 0 => cos 0 = — \Jl or 

yy (use the quadratic formula) => 0 = | (the solution 
in the first quadrant); therefore the area of Ri is 

A 1 = // \ tan 2 0d0= i // (sec 2 0- l)d0= i[tan0-0] o " /4 = i(tan| - |) = I ^ |;AO= esc | 

= ^ and OB = [pj esc f = 1 +> AB = ^l 2 - (pf = & => the area of R 2 is A 2 = i = ± ; 

therefore the area of the region shaded in the text is 2 — | + 5) = | — | . Note: The area must be found this way 

since no common interval generates the region. For example, the interval 0 < 0 < ^ generates the arc OB of r = tan 0 

but does not generate the segment AB of the liner = y- esc 0. Instead the interval generates the half-line from B to 

fi 

+00 on the line r = y- esc 0. 

(b) lim tan 9 — 00 and the line x = 1 is r = sec 0 in polar coordinates; then lim (tan 0 — sec 0) 

9 — > 7r/2” 9 — > 7t/2~ 

= lim (^4 -^-s)= lint (5!!li_I) = i im (“«) = 0 => r = tan 0 approaches 
9 — > 7r/2~ Vcos0 cos9 ' 9^tt/ 2- K cose ’ 9 -> tt/ 2- V ” sm 0> 

r = sec 0as0— >A=^ r = sec 0 (or x = 1) is a vertical asymptote of r = tan 0. Similarly, r = — sec 0 (or x = — 1) 
is a vertical asymptote of r = tan 0. 

20. It is not because the circle is generated twice from 0 = 0 to 27r. The area of the cardioid is 

A = 2 J o 7 } (cos 0 + l) 2 d 9 — J g (cos 2 0 + 2 cos 0 + 1) d0 = ( 1 + c ° s 20 + 2 cos 0 + l) d0 

= [y + + 2 sin 0] p = y . The area of the circle is A = 7r ( 2 ) 2 = ^ => the area requested is actually y — \ — y 

21. r = 0 2 , 0 < 0 < \/5 => = 20; therefore Length = (0 2 ) 2 + (20) 2 d 9 — J g \J 0 4 + 40 2 d0 

= |0| y/0 2 + 4 d0 = (since 9 > 0) J" o 8\J 0 2 + 4 d0; [u = 0 2 + 4 => | du = 0 d0; 0 = 0 =+ u = 4, 

0=^ =* “ = 9] -J 4 9 ^du=I[lu 3/2 ];=f 

22 ‘ r= ^’° ^ 0 ^ * =* 35 ; therefore Length = £ ]/ (^) 2 + (^ dd = £ \ j 2 (f ) A6 

= /; e «d0 =[e^ = e--l 
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23. r = 1 + cos 0 =>■ ^ = — sin 0; therefore Length = f y/(l + cos 9 ) 2 + (— sin 0) 2 d0 

- 2 £V2 + 2cos9d9 = 2£ ] /^^d9 = 4£ ] /^d9 = 4£cos( f) d0 = 4 [2 sin f ] ^ = 8 

24. r = a sin 2 | , 0 < 0 < 7r, a>0 => gg = a sin | cos | ; therefore Length — f 0 \j { a sin 2 §) 2 + (a sin | cos |) 2 d0 
= J g ^ J a 2 sin 4 | + a 2 sin 2 | cos 2 f d9 = J" g a | sin || sin 2 | + cos 2 § d0 = (since 0 < 9 < n) a f sin (f) d0 
= [-2a cos f] o = 2a 



25. r = 



§ n < fl < ZE =E> * — 6sintt ■ therefore 

l+cos# ’ u L » L 2 =?• dg — ( 1+cos gy , mere lore 



= r 

Jo 



36 



36 sin 2 e 



0 Y (l+cos0) 2 “r" (l+cos6/)' 



d6> = 6 f" 

Jo 



Length =// y ( tt^) 3 + ( atcosV ) 



d0 



o I 1+cos 0 I 

V 2 . 



sin 2 fl 

(1 +cos d ) 2 



d0 



= ( since 1+^9 > 0 on 0 < 9 < |) 6 £ ' (f^) ^ 

= 6 r 2 (ra) = 

= 3j g sec 3 § d0 = 6j g sec 3 u du = (use tables) 6 1 rsecutanu 



+ 2 cos fl + cos 2 fl + sin 2 d 



(1 + cos d) 2 

>7t/2 



dfl _ f. /9 
0 (l+cos0) 3 / 2 v Jo 



d(9 

^ = 3 r 

xc2 £'\ 3 / 2 Jo 



r / 2 I „ ^ 

sec 3 f d# 

o I 2 1 



ir /4 , i f ^ 4 

Jo 



+ 



sec u du 



= 6 + [i In | sec u + tan u|] ^ ) = 3 y/2 + In ^1 + y/l^ 



26. 



1 — cos d 



f<0<7T 



dr _ _ 
dd (1 



—2 sin d . 
1 — cos 6) 2 ’ 



X/2V (1-COS0) : 



; therefore Length = (r^)' + 



A9 



( 1 , sin- 0 \ j/r _ f I 2 | / (1-cos fl)-+sin-fl .o 

V 1 + (1-cos 0)V ^ J^l 1-cosfll V (1 - cos 0) 2 

9 > Oon f < 9 < 7 r) 2 f (j -^— 7 ) J 1 -2cos9 + cos 2 9 + sin 2 fl d g 

dd 



1 2 X/2(l-COSfl) X (1-COS0J 2 d ^ 2 V^2 X/2(l -COS 9)3/2 

: f > 0 on ! 



: (since 1 — cos 

1 

= J* csc 3 (|) d0 = (since 

ex/2 \ / 

idu J= 2 b 



2 a /2 r 

"E/2 (2 sin 2 §)‘ 



^ — - r icsc 3 1 

J jt/2 1 2 



.3/2 



: 3 || d6> 



o I f CSC u cot u ' 

L 2 J 



= v^ + ln (l 



: CSC f 

7r/2 1 piS 

, , + 2 I CSC U ( 

r/4 2 Jx/4 




0 2 X/4 ^ 

+ c ° tu 0 XD = 2 [x 



< 9 < 7t) 2 J* esc 3 u du 

X “ [5 In l csc 11 



; (use tables) 



■7T + k ln 



(J5+1); 



27. 



: COS 3 | 



dr 

dfl 



- sin | 



cos 2 | 



4 (f) d ^ 



3 ^ dd 

I, /cos 6 (I) + sin' 

20)-72(2 cos 



; therefore Length = J" g (cos 3 |) 2 + (- 
f o / (cos 2 f) X c °s 2 (f) +sin 2 



2 (|) cos' 

.[o+ism fj; ,4 =i 



sin | cos 2 |) 2 d0 

S)«- r “ sS 



(!)d« 



dr _ 1 



Length ; 

/i+247 
Jo V l+ sin: 



/rV (i+sin 2 ' ,)+ o™ ® = j 

ZrcS# <«) = /;'■ J2d9= [J2« 



(1 + sin : 



20 ) : 



28. r = i/l + sin 20 , 0 < 0 < 7r\/ 2 =?■ g ^ s 

1 2 26 jd rS / l + 2 sin 2d + sin 2 26 + cos 2 20 j q 

>in 2d) Jo Y 1 + sin 2d 



(cos 20)(1 + sin 20) - 1 / 2 ; therefore 



7Tv7 

o 



: 27 T 
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29. Let r = f(0). Then x = f(0) cos 9 => g| = f'(0) cos 9 — f(9) sin 9 => (gf )" = [f'(0) cos 9 — f (9) sin 9] 2 
— [f'(0)] 2 cos 2 9 — 2f'(0) f(9) sin 9 cos 9 + [f(0)] 2 sin 2 9\ y = f(0) sin 9 =>■ ^ = f'((9) sin 9 + f(0) cos 9 

=>■ = [f'(0) sin 0 + f(0) cos 0] 2 = [f'(0)] 2 sin 2 0 + 2f'(0)f(0) sin 9 cos 9 + [f(0)] 2 cos 2 9. Therefore 

(I) 2 + (I)' = [f'(6»)] 2 (cos 2 9 + sin 2 9) + [f(0)] 2 (cos 2 9 + sin 2 9) = [f '{9)f + [f(6>)] 2 = r 2 + (^) 2 . 

Thus, L = £ ^/(g) 2 +(!) 2 d 9 = £ £ 2 + (%) 2 60. 

30. (a) r = a =>■ gg = 0; Length = J g y/ a 2 + 0 2 d 9 — f g |a| d0 = [a 9\ ^ = 27ra 

(b) r = a cos 9 => ^ — —a sin 0; Length = yj (a cos 0) 2 + (—a sin 9) 2 d 9 — J g y/ a 2 (cos 2 9 + sin 2 9) d 9 

= fo l a l d0 = [a0] q = 7ra 

(c) r = a sin 9 => gg = a cos 0; Length = yj (a cos 9) 2 + (a sin 9) 2 d9 — J g yj a 2 (cos 2 9 + sin 2 9) d 9 

= f 0 N d 9= [aB\l =7ra 

31. (a) r av = ^ f g a(l - cos 9) d9 = ^ [0 - sin 0] jf = a 

(h) Lv = 2^0 fo add = b Mo 1 = a 

(c) r av = (ippu /_£ a cos 0 d0 = i [a sin 0] £ 2 = f 

32. r = 2f(0), a < 9 < (3 =>• gg = 2f'(0) => r 2 + (|) 2 = [2f(6»)] 2 + [2f'(0)] 2 =► Length = f ‘ yj A[f(9)] 2 + 4 [f'(6»)] 2 d0 

= 2 /.V W + [f'(0)] 2 d0 which is twice the length of the curve r = f(0) for a < 9 < (3. 

11.6 CONIC SECTIONS 

V 2 

1. x=y=>4p = 8=>p = 2; focus is (2, 0), directrix is x = —2 

V 2 

2. x= — ^=>-4p = 4=>p=l; focus is (—1, 0), directrix is x = 1 

3. y = — ^=^4p = 6=>p=|; focus is (0, — , directrix is y = f 

4. y=^=»4p = 2=>p=l; focus is (0, V) , directrix is y = — 1 

5. ^ — L- = 1 =>• c = yj A + 9 — y/l3 => foci are ^ ± y/l3, oj ; vertices are ( ± 2, 0) ; asymptotes are y = ± | x 

6. ^ + ^- = l=^c = yj9 — 4 = a/ 5 => foci are £ ± y/5^J ; vertices are (0, ± 3) 

7. y+y 2 = l=>c = yJl—\ = 1 => foci are ( ± 1,0); vertices are ^ ± y/2, 0^ 

8. g- — x 2 = l=^c = yj A + 1 = y/~5 =>■ foci are (o, ± y/5\ ; vertices are (0, ± 2) ; asymptotes are y = ± 2x 
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9. y 2 = 12x => X = ^ => 4p = 12 =>• p = 3; 
focus is (3, 0), directrix is x = — 3 



10. x 2 = 6y => y = £ =>4p = 6=^p=§; 
focus is (0, |) , directrix is y = — | 



y 





11. X 2 = -8y => y = ^ => 4p = 8 => p = 2; 

focus is (0, —2), directrix is y = 2 



y 




13- y = 4x 2 =► y = =► 4p = \ => p = i ; 

focus is (0, yg) , directrix is y = — yg 




12. y 2 = — 2x =>• x = ^ => 4p = 2 => p = \ ; 
focus is (- y.O) ^ directrix is x = | 




14. y = — 8x 2 => y = — jtj ^ 4p= I => p = ^ 

focus is (0, — p) , directrix is y = yj 




16. x = 2y 2 => x = =>• 4p = 1 =>■ p = | ; 

focus is (1.0) , directrix is x = — 1 
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